Abstract: This paper aims at evaluating the temporal and spatial dynamics of City Size Distribution in Kerala, an Indian State for the period 1951-2001.The study is based on a function relating population size to rank and the same is used to test for the trends of deconcentration and spatial decentralization.The expansion methodology is used to investigate the dynamics of rank size function in both temporal and spatial dimensions.Our findings reveals that the size distribution of cities/towns in the state shows an increasing and decreasing pattern and indicating a more even and less even distribution cities/towns populations.The study also indicates that distance from a central city is not a significant factor in any trend towards population deconcentration.
by urban economists, statistical physicists and urban geographers. The interest in city size stem from two essential points. First, City Size Distribution defines the resulting landscape, and has direct consequences on the spatial distribution of cities and secondly, it is susceptible to change over time. In this context it is important to have good empirical description of City Size Distribution. The empirical facts indicate that the city growth processes vary a great deal over time and across cities. The aim of this paper is to study the vary temporal and spatial dynamics of City Size Distribution in Kerala, an Indian state for the period 1951-2001.
In section 2 a detailed account of urban scenario of Kerala is presented. Section 3 deals with the theoretical aspects of City Size Distribution models and Spatio Temporal Models. The empirical findings are given in Section 4. Conclusions based on the study are given in Section 5.
Urban Scenario in Kerala

Kerala and its Demographic Profile
Kerala is one of the 28 states of India and covers an area of 38,863 square kilometers. It is the twenty-first largest state in India by area and 12th most populous state. Kerala lies in between the high Western Ghats on the east and the Arabian sea on the west, the width of the state varies from 35 kilometers to 120 kilometers. According to the geographical features the state can be divided into hills, valleys, midland plains and coastal belt. Kerala is the 9th largest contributor to Indians GDP. A demographic profile of Kerala based on 2001 census is given below: 
Basic Statistics of Urban Population in kerala:
The basic Statistics of urban and rural population according to 2001 census is given in Table 1 (b). The rank size function is most widely used to investigate the relationship between city size and rank. The estimation of rank size model requires the ordering of cities form the largest down to the smallest and it relates the rank of city with its size, measured by its population. The simplest representation of this relationship is
where a is a constant, p is the population of a particular city and r is its rank according to population size. When the exponent b equals -1, it is referred to Zipf as the rank size rule. In a natural logarithmic form this relationship can also be expressed as
where a is the estimate of the intercept value, which is also the estimate of the natural logarithm of the population of the largest city, and b is the estimate of the slope coefficient of the rank size curve. On a doubly logarithmic paper, the rank size rule suggested by Zipfś appears as a straight line descending from left to right at an angle of 45, indicating a slope of -1.
A Select Review of City Size Distribution Models and Spatio Temporal Models
The first geographical analysis of City Size Distribution goes back to the beginning of the last century (Auerbach 1913) , (Singer 1936 ) and (Zipf 1949) . Zipfs law which states that the distribution of cities in a country follows a Pareto distribution has been recognized as one of those stylized facts or amazing empirical regularities in spatial economics. The pioneering empirical study (Rosen and Resnick 1980 ) based on rank size and primacy measures characterized the size distribution of cities in a sample of 44 countries. The study revealed that almost three fourths of the countries had Pareto exponents above unity and concluded that in most countries City Size Distribution is more even than predicted by rank-size rule. The study also examined the variations in the Pareto exponents and found that it is sensitive to city definition and sample size. The debate focused on methodological questions related first to the effect of city definition and minimum size threshold, for including a city in the sample, on the estimates of Pareto exponent and second to the deviations from rank-size regularity. More recent advances relating to the study of City Size Distribution (Guerin-Pace 1995), (Eaton and Eckstein 1997) , (Gabaix 1999a (Gabaix ,1999b , (Soo 2005 It has been established that the rank size rule is not only satisfied for Ger-manys national urban hierarchy, but also for the City Size Distribution in a single German regions (Giessen and Suedekum 2011). This important aspect has motivated the authors to study the Spatio temporal dynamics of a region viz., Kerala in India which has different geographical characteristics from that of other states with a threshold population using expansion methodology.
Expansion Method
The expansion method (Casetti 1972 (Casetti , 1995 , (Casetti and Krackover 1990) and (Fan 1988) originates from an analysis of thought processes that lead to the construction of any mathematical models of realities. The expansion method encompasses a technique for constructing mathematical models and rationales concerning its use. In a nutshell, it involves in widening the scope of a simple initial model by redefining some or all its parameters into functions of expansion variables. The terminal model thus produces includes both the initial model and a specification of its contextual variation.
In the rank-size applications of the expansion method the parameters of a rank size model have been expanded into functions of time. In the classical rank-size models the natural logarithm of citys population is linearly relater to natural logarithm of its rank. The time expansions of the parameters of this type of models have been used to investigate the differential growth of urban centers. The expansion method is well suited to modeling complex spatial dynamics because it allows the linking of geographical entities such as countries or regions to dynamics that vary across space and time.
Spatio Temporal Models
The expansion method introduces a procedure through which a terminal model is generated from an initial model by making the parameters of the latter functions of other relevant variables. An expansion in a specific dimension, such as time or distance, would then capture the quantitative change of initial parameters along that dimension. To investigate changes in an urban system through time, equation (3.1.2) is defined as the initial model. Both the parameter a, which is the estimate of the natural logarithm of the largest citys population, and the slope coefficient b can vary through time, and they can be redefined by the following expansion equations: It is noted that the signs of the estimates for the expansion parameters a 1 and b 1 show the direction of the linear trend of a and b over time. Significance tests for the two expansion parameters will also tell whether the change of a and b over time is the result of chance. If a 1 is significant and positive, the estimated intercept value has increased in time, indicating that the largest city in the urban system has increased in size. If b 1 is also significant and positive, the rank-size curve has become less steep in time, because higher-ranking cities have been growing at a slower rate than lower-ranking cities, as the result of a trend toward population deconcentration. However, if b 1 is negative and significant, the curve has become steeper in time, indicating a trend toward population concentration.
To incorporate this spatial dimension into our analysis, the distance from the central city of the state is used. Urban policy is to promote spatial equity in population distribution through encouraging growth of inland towns/cities. For successful implementation of this policy we would expect the trend toward 
The direction and significance tests for the parameter b 11 will show if the temporal drift of the b-coefficient (captured by b 1 ) varies over distance. If spatial decentralization is successful, is expected to be both positive and significant, suggesting that the degree of population deconcentration over time is greater as one moves away from the center to the other parts of the state.
The Empirical Analysis
Urban Size Class under Indian Census
India has very rich source of information for urban studies. The census volumes, both at the National and state and district levels, provide a mine of information for rural and urban places for period of 100 years. It is also main source of information for temporal studies focusing in the recent past. The census periods covered are : 1951, 1961, 1971, 1981, 1991 and 2001. Urban Population by size classification is based on the following Class Population I > 1,00,000 II 50,000 -1,00,000 III 20,000 -50,000 IV 10,000 -20,000 V 5,000 -10,000 VI < 5,000 Census >1,00,000 50,000-20,000-10,000-5,000-< 5,000 Total Year >1,00,000 1,00,000 50,000 20,000 10,000 < 5,000 Total  1951  4  3  10  21  6  1  45  1961  4  4  22  17  4  1  52  1971  5  8  32  11  3  1  60  1981  6  8  55  14  4  1  88  1991  9  17  69  34  10  1  140  2001  10  24  72  37  15  1  159 
Fixed list and Top list
Appendix A lists the first set of data, consisting of population and rank for 143 cities/towns and these 143 cities/towns had a population of 10,000 or more in 2001. Since the towns in the data set are fixed, their relative growth can be computed and compared. However, because of the long time span covered in this study, some of these cities were relatively small in size and were not within the top portion of the urban system in the early of the period studied. To give a more complete picture of the changes in the urban system, a second data set, consisting of 143 cities/towns largest cities at each of six points in time, is added (Appendix B). The fixed list is expected to complement the top list.
Regression analysis for the data in the fixed list and top list
The results of regression analysis for estimating the rank-size function according to equation (3.1.2), for the fixed list and top list are given in the following Table  3 (ii) Changes in b estimate for the period of study suggest that the size distribution of cities shows a decreasing and increasing pattern and indicating a more even and less even distribution of city/town population.
Rank Size Function Expanded in Time
The Tables 4(a) and 4(b) contains estimate for the rank-size function expanded in time for fixed and top list for the period of study. Figure 1 and Figure 2 shows the rank-size function expanded in time for fixed and top list for the period of study. In both the list (fixed and top) the parameter b 1 is positive and significant implying that the changes in b-coefficient over time are significant and this indicates that there is evidence for trends in population deconcentration.
4.5 Location and Size of 143 cities/towns for Studying Inequality
A general principle in Kerala policy is to promote spatial equity by limiting the growth of biggest cities and encouraging the growth of smaller and medium type of cities/towns in a balanced manner throughout the state for development of cities/towns in all sectors of the economy. 
Rank Size Function Expanded in Time and Distance
The estimate for the rank size function expanded in time and distance for fixed and top list for the period of study are given in the Tables 5(a) and 5(b). The parameter b 11 in both the lists is not significant. This clearly indicates that any trend towards population deconcentration in respect of 143 cities/towns listed in the fixed and top list is not affected by distance from the central city of Kerala. In other words, lower ranking towns away from the central city are not found to have grown at a faster rate. This confirms that the distance from the central city is not a significant factor in any trend towards population deconcentration.
Conclusion
A comprehensive understanding of urban growth process is essential for characterizing and analyzing the City Size Distribution across spatial and temporal scales. The basic tool used in this approach is the rank size distribution. By using expansion methodology the parameters of a rank size model have been expanded into functions of time and distance. The expansion methodology is thus well suited to modeling complex spatial dynamics. The important conclusions based on the findings are given below:
(i) First, In both cases (fixed list and top list) the size distribution of cities shows an decreasing and increasing pattern and indicating a more even or less even distribution of city/town population.
(ii) Secondly, the result reveals that there is evidence for trends in population deconcentration.
(iii) Thirdly, the lower ranking towns away from the central city and not found to have grown at a faster rate.
(iv) Finally, the frame work proposed and utilized in the analysis can be used to evaluate regional and national urban policies.
